Abstract To describe a non-penetrating TASER gun injury resulting in a small exudative retinal detachment but significant visual acuity and retinal function loss as demonstrated by electroretinography (ERG). A 39-year-old man presented to the emergency department with a TASER barb embedded in his right lower lid. A complete clinical ophthalmologic examination and surgical extrication were performed, as well as radiologic imaging and Ganzfeld electroretinography. No scleral penetration was observed on surgical exploration. Retinal examination showed a peripheral exudative detachment. Subsequent follow-up revealed progressive resolution of the detachment and improvement in visual acuity. The ERG showed a 63-70% decrease in rod a-and b-waves, while isolated cone responses were reduced by only 10%, with a minimal increase in implicit time. This case shows that periocular TASER injuries, even if apparently superficial, may result in significant ocular damage. ERG may be useful in the diagnosis of visual loss attributed to disturbance in photoreceptor function, in the absence of anatomically evident damage.
Introduction
Thomas A. Swift's electric rifle-TASER (TASER International, Scottsdale, AZ)-is a battery-powered unit that uses a nitrogen cartridge to propel two darts up to 35 ft at a rate of 160 ft/s. The darts, connected by a wire, attach to the individual's skin or clothing, delivering up to 50,000 V of electricity for up to 5 s [1] . The completed circuit incapacitates the subject by causing involuntary muscular contraction and tetany. It is considered a safer alternative to more conventional weapons. A recent prospective, multicenter trial showed that less than 1.4% of TASER victims experienced significant injury, which most often was associated with penetration of face, neck, or groin [2] . TASERs are used as a form of sublethal force by law enforcement agencies to subdue violent or agitated offenders. The National Institute of Justice reports that more than 260,000 officers carry a TASER. Additionally, more than 120,000 US citizens are estimated to carry a TASER for personal protection. The increasing popularity of the TASER may lead to increasing incidence of related ocular injuries.
Case report
A 39-year-old man was brought to the emergency department after being subdued with a TASER gun by the police. The TASERing resulted in immediate loss of consciousness. Three TASER prongs were found on the patient's clothing, and a fourth was found firmly embedded medially in his right lower lid (Fig. 1) . His visual acuity on presentation was 20/400 in the right eye and 20/20 in the left eye. Pupil reactions and confrontational visual fields were normal. Ocular motility was full, with mild pain on upgaze. The intraocular pressures were 20 and 14 mmHg in the right and left eyes, respectively. A TASER probe was embedded in the right lower eyelid with a corresponding laceration and surrounding ecchymosis. However, no electrical burn was observed on the eyelid skin. A small subconjunctival hemorrhage was noted nasally in the right eye. Corneas and lenses were clear, and irides intact. Anterior chambers were formed without inflammation. Dilated fundus examination of the right eye showed a string of retinal hemorrhages surrounding a large area of subretinal hemorrhage inferonasally, measuring approximately 3 disk-diameters in extent (Fig. 2) . No retinal tear was identified. The vitreous was clear with no evidence of cells in the anterior vitreous. A CT scan of the orbits showed intact globes, and localized the prong in the right lower lid, extending into the anterior orbit, with the tip terminating in the right lacrimal fossa. There was no radiographic evidence of rectus muscle involvement (Figs. 3, 4) .
The patient was taken to the operating room for extraction of the prong under general anesthesia. The tip of the prong was found in the inferior anterior orbit with intact underlying sclera. Globe exploration and irrigation of the lacrimal system revealed no injury to these structures. An incision was made in the conjunctiva directly over the tip of the prong, and the electrode was removed by pulling it through the incision.
The initial area of subretinal hemorrhage progressed into an exudative retinal detachment over the following 3 days. A Ganzfeld electroretinogram (UTAS-E 2000, LKC Technologies, Inc, Gaithersburg, MD), following the ISCEV standard for clinical electrophysiology [3] , was performed on our patient at this time and showed a 63-70% decrease in a-and (Fig. 5) . Over the next 2 months, the retinal detachment gradually resolved, leaving a few residual intraretinal hemorrhages and some hyperpigmented scars. Visual acuity progressively improved over 2 months time to 20/25. No new complications developed over this period of time. Unfortunately, the patient was lost to follow-up, and we were unable to assess for late sequelae of the injury.
Discussion
To our knowledge, there are few reports in the literature describing ocular injuries inflicted by TASERs. One describes an electrical injury to the eye [4] , and the remaining, a penetrating mechanical injury to the globe [5] [6] [7] [8] . To our knowledge, this is the first report of a non-penetrating injury to the retina caused by a TASER, expanding thus the spectrum of possible injuries caused by the device.
The retinal damage observed in our patient can be theoretically attributed to 3 mechanisms: electrical, thermal, and/or traumatic/mechanical damage.
A wide range of ocular disorders have been described following electrical injury [9] . These occur by direct transmission of the electrical current through the tissue, conversion of electrical energy into thermal energy absorbed by the tissue, end-organ ischemia caused by generalized vascular constriction, or a combination of these mechanisms. In our patient, the localized peripheral retinal injury could have resulted from thermal damage, resulting in an exudative retinal detachment similar to what may be seen after diathermy. Skin burns near the probe location are frequently observed in TASER injuries. While ocular mechanical trauma from the TASER dart could potentially explain the observed clinical findings, the ERG changes and the significant drop in visual acuity experienced by our patient make it less likely to be the exclusive etiology. On ERG, the rod a-wave reduction localizes function loss to the photoreceptor layer. The large reduction in rod photoreceptor function appears to be out of proportion to the observed anatomical damage. Notably, the changes in ERG implicit times were minimal, which indicates that retinal sensitivity remained normal as the size of the response declined. This pattern of ERG loss is more consistent with a large area of retina being affected or a diffuse retinal injury, and not the focal injury seen in the peripheral retina. According to the Hood and Birch model of rod photoreceptor [10] , possible mechanisms may include complete loss of a large area of rod photoreceptors with normal photoreceptors elsewhere, a reduction in outer segment length, or a loss of membrane conductance. A proposed mechanism of lightning strikeinduced retinal damage is prolonged neural depolarization, which could affect the strength of the photoreceptor response through a change in membrane conductance. Similar ERG findings were previously described following electrical lightning injury [11] . The lack of evidence of further electrical injury to the eye, like cataracts, may be attributed to the relatively short duration of follow-up.
In conclusion, periocular TASER injuries, even if apparently superficial, may result in significant ocular damage. ERG may be useful in the diagnosis of visual loss attributed to disturbance in photoreceptor function, especially in the absence of a significant amount of anatomically evident damage.
